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Abstract 
Temperature is one of the scalar quantities of major interest in most technical combustion systems such as gas 
turbines, furnaces or internal combustion engines. In this work, we present for the first time quantitative temperature 
measurements in a flame by time-domain based supercontinuum absorption spectroscopy. In a 1-dimensional 
McKenna type burner temperature is inferred from broadband H2O spectra by a multi-peak least-square algorithm to 
data from the Barber-Tennyson line list (BT2) within a spectral range from 1340 nm to 1485 nm. The results are 
compared with temperature measurements based on coherent anti-stokes Raman scattering (CARS). A good 
agreement is achieved, showing the capability of time-domain based supercontinuum absorption spectroscopy 
temperature measurements in a flame. Further the beneficial influence of high bandwidth detection equipment is 
presented, which allows for a more distinct detection of many week high temperature transitions.  
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1. Introduction 
Supercontinuum radiation (SC) is of special interest for various spectroscopic applications [1]. 
Commercially available SC sources feature variable repetition rates in the MHz-domain, ultra-high 
spectral bandwidth ranging from the visible to the near-infrared (NIR) accompanied with high spectral 
power densities of several mW/nm. For time-domain based sensing the NIR part of the initially short SC 
pulses is dispersed within a long dispersive fiber from a dispersion compensating module. The result are 
wavelength sweeps ranging from approximately 1300 nm to 1700 nm within a time span of several 
hundred nanoseconds. After transmitting the measurement volume the wavelength sweeps are detected in 
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the time-domain with a high bandwidth photodiode and an oscilloscope. This wavelength range 
comprises many absorption lines of species like CH4, CO2 or H2O. 
The broadband character of the SC radiation itself allows for the simultaneous determination of multiple 
species concentrations and temperature from at least one transition pair of a species exhibiting a different 
temperature dependency [2, 3]. With this technique repetition rates exceeding 100 kHz can be achieved  
[2, 4]. Nevertheless, very few studies addressing temperature evaluation from the broadband spectra are 
currently found [3, 5]. In this work experimentally recorded high temperature H2O spectra are matched to 
theory based on the Barber-Tennyson line list (BT2) [6] to infer temperature by a least-square method of 
multiple absorbance peaks. The results are compared with flame temperatures determined by coherent 
anti-Stokes Raman scattering (CARS). Finally, the advantages of a faster oscilloscope, resulting in a 
higher spectral resolution of the setup, are discussed with respect to flame temperature determination 
from the broadband H2O spectrum. 
2. Instrumentation 
In Figure 1 the experimental setup used for the SC thermometry is depicted. The optical setup and theory 
for the CARS measurements are described elsewhere [7]. 
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Figure 1. Experimental setup for time-domain based SC absorption spectroscopy. DC: dichroic mirror;  
DCM: dispersion compensating module; AC: achromatic collimator; M: mirror; AL: achromatic lense;  
PD: photodiode; OSC: oscilloscope 
For SC generation a NKT (SuperK EXR-15) source was used. The repetition rate was adjusted to 
1.178 MHz to prevent an overlap of successive pulses within the dispersion compensating module 
(DCM). The NIR part of the pulses was isolated and coupled into the dispersive fiber exhibiting a large 
negative dispersion of -1.72 ns/nm at 1550 nm. The wavelength sweeps of approximately 800 ns duration 
are collimated and passed through the flame of the McKenna burner. A multi-pass setup was built by two 
broadband mirrors, leading to 7 total passes in the middle of the burner through the flame. All non-fiber-
coupled beam paths outside the flame region are constantly purged with N2 to eliminate most of the 
background absorption from room temperature H2O molecules. 
The sweeps are detected with a high-bandwidth photodiode and a fast oscilloscope. To reduce the signal-
to-noise ratio for each measurement, 1500 consecutive single pulses are detected in real-time and later 
averaged, leading to effective measurement time of 1.27 ms. With the equipment employed a spectral 
resolution of 0.29 nm at 1450 nm was achieved. The spectral resolution depends on the amount of 
dispersion provided by the DCM and temporal resolution of the detection equipment. The burner was 
fueled with CH4 and operated at an equivalence ratio of Φ=1. For the non-quantitative experiments with a 
higher bandwidth oscilloscope (12 GHz 40 GS/s) C2H4 was used as fuel and a stoichiometry of Φ=1.1 
was adjusted. In this case only a 5-pass setup was established, which was sufficient to achieve a 
distinctive absorbance signal with this setup. The distance of the stabilization plate to the burner surface 
was kept constant to 26 mm. 
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3. Evaluation and Results 
In Figure 2 an excerpt of the averaged experimental spectrum at 23 mm HAB and the corresponding best 
theoretical match is illustrated within a wavelength range used for temperature evaluation. 
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Figure 2. Excerpt of the experimental (left) and theoretical (right) H2O spectrum corresponding to a temperature of 
1250 K at 23 mm HAB. 
To allow for direct comparison of theory and experiment the theory has to be convolved with the 
instrumental function of the setup. Afterwards the experimental spectra are very well represented by 
theory which can be seen in Figure 2. This enables the temperature extraction from multiple absorbance 
peaks exhibiting a different temperature dependency. 
In this work temperatures in a flame were evaluated by a least-square fit between experiments and theory 
of 13 peak absorbance values from 1409 nm to 1482 nm. For the first evaluation step the temperature as 
well as the molar fraction of the database spectra are varied in 50 K steps from 500 K to 2500 K and 
0.001 steps from 0.001 to 1, respectively. A second evaluation it performed around the first best match to 
the neighboring grid points with a 10 times narrower stepwidth. A more detailed description of the theory 
can be found in Ref. [5]. The evaluated temperatures by SC absorption spectroscopy and CARS at three 
different heights above the burner surface (HAB), namely 3 mm, 13 mm and 23 mm are depicted in 
Table 1. The standard deviations originate from 10 individual SC measurements, representing the line-of-
sight temperature at the specific HAB or 50 CARS single shots, recorded in the flame center at the 
respective heights. 
Table 1. Experimental results of the temperature measurements in the flame at different heights above the burner 
surface (HAB) 
HAB / mm TSC /K std. dev. TSC / K TCARS /K std. dev. TCARS. / K 
3 1661 74 1709 41 
13 1530 75 1652 36 
23 1250 29 1275 33 
From the results it can be seen that the qualitative temperature trend determined by time-domain based 
SC absorption spectroscopy match very well with the CARS data. The generally lower temperatures of 
the SC measurements can be explained by the mixing of hot exhaust gas with the cold nitrogen shroud, 
leading to temperature gradients at the flame edges. This effect is strongest in the middle of the burner for 
the used configuration, leading to a narrowing of the flame waist. Here, the width of the temperature 
gradient from flame to room temperature is the largest, hence, leading to the lowest line-of-sight 
temperature compared to the flame center, at which the CARS measurements were carried out. This more 
intense mixing in middle of the flame height also explains the higher standard deviation at 13 mm for the 
SC measurements. 
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In Figure 3 the flanks of 3 highly resolved spectra, recorded with the 12 GHz oscilloscope with and 
without flame are shown. In this case no N2-purge, to suppress background absorbance is applied. An 
approximately 3 times higher spectral resolution is achieved compared to measurements with the 3 GHz 
oscilloscope since in this case the 10 GHz photodiode limits the temporal resolution. It can be clearly 
seen within the flanks of the spectra, especially comprising high temperature transitions, that many 
absorbance features are just present with the flame and not at ambient conditions. The good resolution 
allows for the distinct selection of these transitions which are highly populated only at combustion 
temperatures thus reducing an interfering background. This has the advantage that no N2-purging will be 
needed any more, which is intended in prospective work. Even in the short wavelength flank from 
1335 nm to 1350 nm the high temperature peaks are resolved with a spectral resolution of about 0.13 nm. 
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Figure 3. High resolution excerpts of the broadband H2O spectrum without (blue, bold), and with flame at 5 mm 
HAB (red, dashed) and 23 mm HAB (green, thin). 
4. Conclusion 
In this work the capability of time-domain based SC absorption spectroscopy for temperature 
measurements in a flame is presented. By a multi-peak least-square algorithm the temperature was 
inferred from broadband overtone absorbance spectra of H2O in the flame and exhaust gas region of a 
McKenna burner. The results are compared to experimentally determined temperatures by CARS 
measurements which were carried out in the flame center at the respective heights. The results clearly 
indicate the ability of time-domain bases SC absorption spectroscopy for quantitative flame temperature 
evaluation. For improved accuracy a higher bandwidth oscilloscope is beneficial due to the more distinct 
resolution of the high temperature transitions. 
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